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Abstract
Objectives To investigate the immunological phenotypes
detected in children with recurrent upper and lower respira-
tory infections that have normal total immunoglobulin
concentrations.
Methods A cohort of over 60 children with recurrent respira-
tion infections was evaluated for specific antibody deficien-
cies (SAD) and for memory B-cell abnormalities. A control
group of children without recurrent infections was also eval-
uated. Evaluation included a detailed history of immuniza-
tions with pneumococcal vaccines; determination of IgM,
IgG, IgA, and IgE concentrations; measurement of anti-
pneumococcal polysaccharide antibody levels by ELISA and
expression of CD27, IgD, and IgM on peripheral CD19+B
cells by flow cytometry to determine the proportions of naive,
IgM-memory B cells, and class-switched memory B cells.
Results Patients were classified as having a SAD to either
pure polysaccharides (PPV-SAD) or to conjugate polysac-
charides (PCV-SAD) based on the number of polysaccharides
to which they developed an adequate antibody response. A
normal response to only 2 or fewer of 7 PCVor PPV serotypes
was considered as evidence of SAD. Forty-one patients with-
out SAD and 26 with SAD were identified. IgM-memory B
cells were low in 3 of 41 patients without SAD; in 3 of 5 PPV-
SAD patients; and in 10 of 21 PCV-SAD patients. Class-
switched memory B cells were low in 19 of 41 patients
without SAD; in all 5 patients with PPV-SAD; and in 11 of
21PCV-SAD patients.

Conclusions Patients with recurrent infection with or with-
out SAD may have low IgM- and/or class-switched memory
B cells. Ongoing research aims to determine the prognostic
implications of these differences in patients with SAD.
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Introduction

Specific antibody deficiency (SAD) is a common antibody
immunodeficiency manifested by recurrent respiratory
infections such as sinusitis, otitis, or pneumonia. These
manifestations are similar in all immunoglobulin deficien-
cies. SAD was originally defined based on a poor antibody
response to unconjugate pneumococcal polysaccharides
(PPV) present in the 23-valent pneumococcal vaccine
(PPV23-SAD). We have also defined a specific antibody
deficiency that affects only the responses to conjugate pneu-
mococcal polysaccharides (PCV-SAD). In both SAD forms,
all immunoglobulin concentrations, including IgG sub-
classes, are normal. In most patients with either form of
SAD, the responses to protein antigens (e.g., tetanus toxoid
or diphtheria toxoid) and the conjugate Haemophilus influ-
enzae type b vaccine are also normal (Sorensen RU, unpub-
lished observations).

SAD can be found in association with many primary im-
munodeficiency diseases (PIDD), including IgG subclass de-
ficiencies, the Wiskott-Aldrich syndrome, partial DiGeorge
syndrome, asplenia, hyper-IgE syndrome, and selective IgA
deficiency without IgG subclass deficiency [1].

Normal infants have a developmental condition that
resembles PPV-SAD. Children in the first year of life are
unable to develop a protective response to PPV23-SAD.
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Antibodies to protein antigens and to some conjugate poly-
saccharides develop normally in this age group. For PPV-
SAD patients who resemble the developmental status of
normal infants, it is important to determine if PPV-SAD is
just a prolongation of a normal physiologic status of human
development or if it points to a different underlying immu-
nological abnormality. Clinically, these two conditions dif-
fer, since only SAD patients have frequent infections and
require antibiotics for improvement.

Conventional immunologic evaluation does not always
detect abnormalities in the antibody-mediated immunity of
patients evaluated for recurrent infections. Other PIDD af-
fecting different immunologic functions are much less fre-
quent and usually have a different clinical presentation.
Susceptibility of patients to infections may be due to other,
as yet undetected, immune abnormalities.

Peripheral blood B cells have been subdivided into 3
subpopulations on the basis of CD27 and IgD expression:
IgD+CD27- naive B cells, IgD+CD27+ non-switched mem-
ory B cells, and IgD-CD27+ class-switched memory B cells
[2, 3]. Another subpopulation, the IgM memory B cell,
which is CD27+ IgM+, has been recently identified and
proposed to be the splenic marginal zone (MZ) B cell. It
has been shown that memory B cells, especially switched
memory B cells and IgM memory B cells, are affected in
some primary immunodeficiencies, including common
variable immunodeficiency (CVID) and X-linked hyper
IgM syndrome (X-HIGM). Their reduced percentages in
peripheral blood have been associated with clinical com-
plications [2, 4–8].

In this study we explored the presence of the different
subtypes of circulating memory B cells in normal children
and in children with recurrent infections, with or without
SAD. Among children with SAD, we differentiated between
patients with PPV-SAD and with PCV-SAD. In each group,
there are individuals and patients with what appears to be
abnormally low class-switched memory B cells and/or IgM
memory B cells.

Our results show general trends in levels of circulating
memory B cells in groups of both normal children and
patients.

Materials and Methods

Patient Population

We studied a cohort of otherwise normal children with
recurrent respiratory infection, requiring antibiotic treatment
for improvement, 2 years of age or older of both genders
(Table I), referred to the allergy/immunology clinics of
Children’s Hospital, New Orleans. Subjects were recruited
regardless of race or ethnic background.

Patients were evaluated in the clinic according to a stan-
dard protocol, which includes a detailed history of infec-
tions, antibiotic use, and a laboratory evaluation that
includes immunoglobulin and IgG subclass determinations
and the measurement of IgG antibodies specific to 14 pneu-
mococcal polysaccharide serotypes. As part of their evalu-
ation, patients in this study received one dose of a 23-valent
pneumococcal vaccine (Pneumovax 23; Merck, Whitehouse
Station, NJ, USA) [9]. Anti-pneumococcal polysaccharide
antibodies were measured before and 4–6 weeks after
immunization. Patients were enrolled into the study at
the time of the post-immunization samples, before know-
ing the outcome of their responses to immunization.
Thus, in patients diagnosed with SAD and eventually
treated with IgG replacement therapy, all studies were
performed on blood samples taken prior to immunoglob-
ulin replacement therapy.

For analysis, subjects were divided into 2 groups: 26
patients with diagnosis of SAD and 41 patients without
SAD. Patients with SAD were defined as having normal
IgG, IgM, IgA, and IgG subclass levels, but poor IgG
antibody responses to pneumococcal vaccines. Patients
with immunoglobulin deficiencies, acute infections, or
debilitating conditions were excluded from the study.
One 10-cc peripheral blood sample, collected in a sodium
heparin tube, was obtained 4–6 weeks after pneumococ-
cal immunization, at the time of laboratory re-evaluation
of the patient’s immune status. A control group of 43
healthy children recruited at a well-check clinic was
included in the study. Consent from each subject’s legally
authorized representative was obtained by the attending
physician. Assent was obtained from children 7 years of
age or older.

Measurement of IgG Anti-Pneumoccocal Antibody Levels
by ELISA

IgG antibody level against serotypes 1, 3, 4, 6B, 7F, 9V, 11,
12F, 14, 15, 18C, 19F, 23F, and 33 was performed by a
standardized enzyme-linked immunosorbent assay (ELISA)
method calibrated against the FDA 89SF reference sample.
Serum samples were pre-absorbed with pneumococcal C
polysaccharide (CPS) and Ser 22 F [10].

Table I Demographics of the Study Population

Study Group Number of Subjects Age (Years) Median
(5–95 Percentile)

Controls 43 11 (3 – 19)

No SAD 41 6 (2 – 15)

PCV-SAD 21 3 (2 – 12)

PPV-SAD 5 13 (4 – 16)
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Adequate IgG Antibody Response

For the purposes of establishing the diagnosis of SAD, an
adequate IgG antibody response to an individual serotype was
arbitrarily defined as a post-immunization antibody concentra-
tion of 1.3 μg/mL or greater. An adequate response was defined
according to the percentage of serotypes in the vaccine to which
the patient responded. Children 2 to 5 years of agewere expected
to have an adequate response to more than 50% of the serotypes
tested. Patients 6 years or older were expected to respond to
more than 70 % of the serotypes tested [11]. A normal response
to only 2 or fewer of 7 PCV (4, 6B, 9V, 14, 18C, 19F, 23F) or
PPV (1, 3, 7F, 11, 12F, 15, 33) serotypes was considered
evidence of PCV-SAD or PPV-SAD, respectively).

Cell Preparation

Peripheral blood mononuclear cells (PBMC) were isolated
from blood samples by Ficoll-Hypaque (Histopaque-1077,
Sigma, St. Louis, MO, USA) gradient centrifugation. PBMCs
were washed, counted, and resuspended in RPMI-1640. PBMC
(2×106/mL) were used for flow cytometry staining of memory
B cells. Some of the blood samples were stained for flow
cytometry using a whole blood technique, after performing a
correlation testing with the PBMC technique [12].

Flow Cytometry Determination of B-cell Subpopulations

Percentages of B-cell subsets—naive (CD27‾ IgD+),
non-switched memory (CD27+ IgD+), switched memory
(CD27+IgD‾), and IgM memory (CD27+IgM+) B cells
were determined by staining 100 μL of PBMC or whole
blood samples for the expression of CD19-PerCPCy5.5,
CD27-PE, IgD-FITC, or IgM-FITC and were analyzed
using a FACSCanto II Flow Cytometer with the DIVA
software (BD Biosciences, San Jose, CA, USA). Analysis
was performed by gating on CD19+ B cells.

Statistical Analysis

Statistical analysis was performed using the GraphPad Prism
software. Differences between patient groups were analyzed
for statistical significance using the Mann–Whitney test. The
threshold of significance was set at a P value of <0.05.

Approval for the study was obtained from the Louisiana
State University Health Science Center and from the Child-
ren’s Hospital Institutional Review Board Offices.

Results

We determined percentages of peripheral blood memory B
cell subsets in 43 healthy children (controls) and compared

them with those of 67 patients with recurrent respiratory
infections. Patients were classified based on the number of
polysaccharides to which they developed an arbitrarily de-
fined adequate antibody response. This resulted in 4 groups:
43 healthy children (controls) and 67 patients with recurrent
respiratory infections: 41 without SAD (No SAD), 5 patients
with PPV-SAD and 21 patients with PCV-SAD. There was no
difference in severity of infections among SAD and No SAD
patients.

Results in Fig. 1 show that the differences in switched
memory B cells between controls and No SAD and controls
and PCV-SAD were not significant, while switched memory
B cells were reduced in patients with PPV-SAD.

Fig. 1 Percentages of switched memory B cells in patients with SAD,
without SAD, and controls. Though percentages are similar, switched
memory B cells are markedly lower in patients with SAD compared
with controls and in patients without SAD. Those sub-classified as
PPV SAD showed lower switched memory B cells in comparison with
PCV SAD patients. SAD indicates specific antibody deficiency, PPV-
SAD, specific antibody deficiency to unconjugate pneumococcal poly-
saccharides, PCV-SAD, specific antibody deficiency to conjugate pneu-
mococcal polysaccharides

Fig. 2 Percentages of IgM memory B cells in patients with SAD,
without SAD, and controls. Percentages were not significantly differ-
ent from those of healthy donors or patients without SAD. However,
when the patients were sub-classified into PPV-SAD and PCV-SAD,
the PPV-SAD patients showed significantly lower percentages of IgM
memory B cells. SAD indicates specific antibody deficiency, PPV-SAD
specific antibody deficiency to unconjugate pneumococcal polysac-
charides, PCV-SAD, specific antibody deficiency to conjugate pneu-
mococcal polysaccharides
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Percentages of IgM memory B cells in patients with SAD
were not significantly different from those of healthy donors
or patients without SAD (Fig. 2). However, when the patients
were sub-classified into PPV- and PCV-SAD, the PPV-SAD
patients showed significantly lower percentages of IgMmem-
ory B cells.

Discussion

Numerous B cell subsets have been identified in the periph-
eral blood; these are believed to represent different stages of
development of naive B cells into memory B cells. Recent
evidence indicates that CD27 is regarded as a memory B cell
marker and that the loss of IgM and IgD surface expression
is a sign for class switch from IgM to IgG, which identifies
the switched memory B cell subset [13]. These cells are
known to differentiate in the germinal centers, where they
undergo somatic hypermutation and differentiate into plas-
ma cells [3, 14]. More recently, another subset—the IgM
memory B cell, identified in peripheral blood by the expres-
sion of CD27 and IgM, has been characterized as an impor-
tant subset present in the marginal zone (MZ) of the spleen.
These IgM memory B cells produce natural antibodies and
are necessary for the T-independent response against encap-
sulated bacteria [15, 16].

The differentiation of B cells both from germinal centers
(switched memory B cells) and from the recirculating pool
of the MZ phenotype (IgM memory B cells) has been
proposed to make an important contribution to the repertoire
of B cells that respond to polysaccharide antigens [17].

Our results show overall trends in the levels of memory B
cells in normal and patient groups, as well as the presence of
very low or very high levels in some individuals in each
group. Our normal children (controls) show percent ranges
of both switched memory and IgM memory B cells, com-
parable to those in previous studies [4, 18, 19].

Our results show that controls and patients with recurrent
respiratory infections without SAD are very similar and lack
individual low values, while patients with SAD, as a group,
clearly tend to have lower switched memory B cells. The
percentages of class-switched memory B cells in these
patients are clearly abnormal; the lowest values are found
in the PPV-SAD group, reinforcing our observation that
PPV-SAD and PCV-SAD are due to differences in activation
pathways.

The difference in IgM memory B cells between controls
and patients with recurrent infections suggests that the latter
can respond to infections by increasing some cells involved
in antibody production. Both controls and patients with
SAD have lower IgM memory B cells and a significant
proportion of very low individual values. Recent reports
indicate that IgM memory B cells are absent in cord blood,

slowly increase during the first year of life, and continue to
increase with age [15]. The presence of very low values in
SAD patients in our study now raises the question of wheth-
er the low levels in these clinically different groups are due
to the same cause. It could be that some SAD patients are
unable to respond with increased IgM memory B cells,
while normal children may not be as stimulated as are
patients with recurrent infections without SAD. The much
lower levels of IgM memory B cells in PPV-SAD patients
seems to suggest that this group may have a defect in the
development pathway for IgM memory B cells.

Thus far, differences in antibody responses to polysac-
charide and conjugate polysaccharide vaccines have been
attributed to different antigen presentation mechanisms in
each case [20, 21]. Our observation in SAD patients sug-
gests that the development of the B-cell response may also
play an important role that needs to be explored. In addition
to this question, ongoing research in our laboratory aims to
determine the prognostic implications of differences in
switched and IgM memory B cells in a much larger cohort
of controls and patients with SAD.
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